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Influence of  Polyoxyethylene Lauryl Ether on  the Binding

     Stearyltrimethylarmnonium Ch!oride to Human  Hairof
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 TtLe infiuen{/e oL' po].yox.v.'ethyLene laur.v] ethers  on  tlLc birTding eF  stearyltrilnethylaiiunorTiuTn  chloricl[-/

(STAC) Lo hu'rTia]t hair ivas  irLvestigaLed. 
'[ihe

 no]iionic  surfuc:tants  decreased the ainount  o[' bound

STAC  T/o hair. T}-e et'feet  "･as  "u]re  proirTiTtent "nt/h  Lhe  Ttonionic  surfacLu"t  wit,h a tonger

pelyoxyc/thylepe c'hairi. The  cle[/r'easillg ef'fect  "zas  correlated  Lo the hydrophilicity or  the noniolljc

Hurfactanl',.  Thc  binding oi' rhe  nonionic  sur'factant  ot' a  loiLg po]yox.yethylene  chain  to hair u,as  nlso

dc,.creased by ST,bN() The  analysis  cbf the isotherrns of  a  Laiiginuir-rts,pe hinding  indicat/ed thuL thtt

sut'['ac/tant.  having a  loTig polyox},ethy!enc chaiii redue'{,s  both t,he bindirig sites  in satur'atiorT  aT'-d the

biruiing constnnt.  TtterTii[)dyna]nic sludy  t±ri{] the surt'ace  analysis by  FF]'-[R or  X-ray photee]ectron

spect/roscopy  (XPS) suggest,ed  lhat  tlie dec:reasing eft'ect "pus  caused  hy the interaction oi' S'1'.nL(] "･ith

t/he iioiiiellit/ surractant/  ot' a  tong polyoxyethylet)e  chain  in Lhe  ttqLJeous  phase  and  on  the hair surl'aae.
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               INTRODUCTION

  Cationic sut'factant.s  "tth  a long alk},1 chaiii are

"idely  used  in dail:i' !ire, especially  as  a  inan'or

coirtpunent  of hair conditioners  CRobbiTis 1994).

However, the adso!'p'tion  of  the surl'actnnts  or the

rneehnnisfii  of  the  influence of  t.he chetnicals  oTi

hunian hair remains  to be clarilied.  !n Lhe  previotis

paper we  iiwestigated thc bfiTiding of  stearyltri-

mel'hylamtnonium  chloride  (STAC) to huimar] huir and

clarifi'ed  tha,t the binding is deterTTiined by the  ionic

si,re.ngth  and  pH  indieut,iTig thc: iniportance ot' bot.h
h.v,'drophobic ti,]id e,[c//c/trc)static int/eractions for the

bi]iding. The  analy.  sis  of  isotherTns ol' a  Langmuir-t}[pe

binding enabled  us  to det,erniine the therTvod.vTTan'Li{':

pararnel,ers which  showed  that the furmer  interactiori

is deiuinanz in the bi.ndirig (Sugihara and  Morikaxva

2000).

  Cationic surfactamts  are  also  an  ingredient ot' u

conditiuriirig  shanipoo,  in iwhich  they  are  tised  in

coinbiMation  with  anot,ber  t}q)e of  sttrfactant  sueh  as

sodiuni  laury,lsu]foiiata or  polyoxyethylene lauryl

ether.  IlerLce it is important, 1,o investigate the binding

ot' cai,ionic; surfactantfs  to huinan  hair ill th(/ presence

ol  nontonjc  surfaeLanLs  or' anionic  surfacLaTits.  In this

paper,  the  binding behavier  of' STAC  to human  hair

was  investigated in Lhe I)r'esencc of polyoxyethyierie
laurvl ethers.  The  e[Tcct  of  the  nonionic  surfttc:tants

on  the binding of STAC  to human  hair iwis  diseussed

by anatyzing  the binding isoLherm, and  FT-IR  or  X-ruy

photoelectroii speetrosc/opy  (M'S).

          ImaTERIALS  AND  METHODS

Chemicals

  All che]nica[s  are  coTninercially  avaiLable.  STAC  -viis

used  after  recrvst,allization  vvith  acetone.             tt
Hair  samples

  Hair sainple$  (unaltered, bteaehed, a]id permancnt-
Lvaved  hairs) were  prepared  ue{t'ording  t/o the

iiterattire (Ohbu f,t al. 1986). ]Iairs froni males  aged

20-22  years whieh  have  never  been  bleached, dyed or

permanent-waved  for at, Least, 3 years prior Lo eutti"g

were  used,  Hair sarT}p]us. were  treated  as  desc/ribed

previousi.y CSugihara and  Morikau"a  2000).

  Hair saniples  fer the stLrface  rrLeasuremen:,s  "nre

prepured  b}., jmmersing  each  hair sample  in an  STAU

solution  (5 miO  without,  {}r with  polyoxyeLhylene lauryl

ether  CIO mpt{) at 40℃ for 24  h. The  mlxturc  s-ns

illtered, and  Lhe rerTiaining  solution  on  the hair

surraec  "･ns  absorbed  with a  fiU,er paper. The  hair was

then  dried in vacuo.
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Deteurnination  of  bownd  s-rfactant

  Tlie uiueurLI, of  bound  STAC  to hair "ns  deterinined

as follo-B. A  hair sarnple  Cl,O g) was  placed  in a  flask

of STiXC soltition (100 rnl, phosphate  bufrer of  pll 7.0)

containing  a  certain  amount  ur  polyoxyethylene lauryl
ether.  The Ilask wiLs  shaken  for 24 h. Ai'ter reirLoving

the hair, the STAC  soliA,ion  C5 ml)  "e,s  acidified  to pH
2,6-3.4 with  dilute h.v･drochloric acid,  Afl.er adding  a

few  drops  or  O.1 9() TVTethyl Orange  solution  the sulut.ion

"ras  titraLed  ivith  a  1 mAn  sodium  tetraphenylborate

soiution  u"til the color  of  the solLition ehunged  freni

yeliow to red  (LJnu et  aL  1960). A  larger anLouut  (20
ml)  of the STAC  solution  Hes  used  for Lhe titration oF

the SFI'AC solution  when  tha  initial S'rAC' concentra-

tion  "ias  beiow  O.5 mM,  The presence  of po]yoxy-

ethy･lene  lauryl ether  did not. alt,er the amount  of

titratiori ir the collcentration  of  t,he nonio"ic  surfac-

tant "vas less than 10 mM.  The concentration  of  free
STAC  iri the solution  after  the binding -as  ealculaLed

froni the amount  oi' a sodiuiTi  borate solution

consumed  ior the titration.

  DetermMation  of  the amount,  of  polyoxyet,hylene
lain'},1 ether  bound  to human  hair was  done by the

poLassium  ferrocyanate i-ethod  (ScheorifeldL 1953)

as  foL[ows. A hair suiTiple Cl.O g) "es  placed  in a finsk

of polyoxyethylene lauryl ether  soltition (10 TnM,  100

inl, phosphal,e hllft'er of pH  7.0) containing  STAC  CIO
mNt).  The fiask was  shaken  ror 24 h and  the hair zzns

removed.  To the solution  CIO ml)  1 nil  of  h.vdreehloric

acid  and  1.5 g of  sodium  chloride  were  added.  After
sht]king  the solution  vigorously,  1 ml  of  O.125 M

potassium  ferroe.ynriate soluLion  was  added.  On

standing  for 5 min  the  precipitntes produced  Nvere

rerTioved  by filtration, 
'i'he

 precipitates were  rinsed

-･ith  3  ml  or  vsnter.  To  the filtrate combined  with the

ivashing  so]utiori "ere  added  1 ml  oi  4%  ammoniuni

sulfate, a  drop ol' 2%  potassiuin ferricyanate and  a

drop of 1%  diphenylamine as  an  indicaLor. The

soEul,jon  xvas  titrated ufith  a  O.075 rc{ zinc  sTili'onate

solution  until  the  celor  of  the solul,ion  changed  from

pale greeri to deep  blue. The  presence  of STAC  did
not  infiuence the  titration ii' the coneentration  of the

caLionic  surfactant  ivas  iess than 10 mM.  The  sarTTe

titration -as  done  ror the nonionic  solution  without

hair. The  increased aTnounL  of  the zinc  sulfonate

solution  consumed  for the titration on  tlie biridiTig

gave  the arrLount  of  the bound surfactant  to hair,

InstrumentaE analysis

  FT-IR spectra  uere  taken on  a  Perkiri-Elrne.r

SysLem  2000  by  the  ATR  method  equipped  sivith an

SiK]A deteclor'. FT-IR  measurement  of  a  surfactanL

 s
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  soLution  ivas  done ivith  an  AFI'R cell eontaliiing  10 mM

  polyo)cy'ethylelle alkyl ether  and  50 mM  S't'AC. XPS

  spectra  were  reeorded  on  a  Shiniadzu ESCA-850

  equipped  with an  A[Ka  rndiation  sourcc..  at  1,487 eXi

  and  :1 OO "' po"er  at the anod(t,.  Nitrogen  lp-core leve.1

  speetra  as we}ll  as  "fide  spectra  sere  taken  t{/) arialyze

  the hair $urface.

            RESVI.TS  ANI)  DISCUSSION

  Effect  of  nonionic  surfactamts  on  the amount  of

  bound  STAC

    The binding of STAC  to human  hair "as  investi-

  gated in the presence of  vurious  nonionic  surfactant,s

  to see  the effect  of  alky]  chain  leiigl,h (tn) and  clegree

  of  po]}nierization  (n) ef the polyoxyethy. lerie urLit in

  pol>,oxyethylene alkyl  ethers  (C.E,,) as sho"[n  in Figs,

  1 and  2, Figure 1 shos･vs the relative  arriount  of bou"d

  STAC  with the addition  of an  inereasjrig amount  of

  polyoxyethylene lauryl (,ithers vaith various  dcgrees u['

  the pol}[merization of  polyoxy. ethylene  unit,  As  sho"m

  in the  i'igure t,he ainount  of  bound STAC  dec/reases jn

  the presenc:e or the noTiionic  surfactants.  The rat.e of

  deerease  in the amount  of  bourid STAC  beeomes

  snialler "tth  t.he increasing concenm'ation  of  an  adcled

  nonionic  surfactant  and  fiiiallv Ihe  amount  of  bound                          w

  STAC  bec:oines urichanged  with  further addil,ion of

(200
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Fig. I. BindiTig of  SFI'AC to unaltered  hair iiL the

       presence  of  polyox},eth.ylene  ]auryl ethers

       CC,.E.) at  initial STAC  cot}ceTiLraLion  of  1 mN･i

       in phosphate  buffer of  pH  7.0 at  30℃

The  bound  STAC', is expressed  as  a  re]ative  value  Crlrn)
where  r  is the  aniount  or  t)"imd S']'ACliri Lhe presence  of

C].E. and  ro iih 1,tse at)ser)c/e  oi' C.E,,.

)
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Ether on  the  Binding or  StearylLriitLethylammoniuiTL Ch]oridc to
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                         #
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Fig. 2. Relati()nship betweeii a  relaLive  amount  ot'

       bouitd STAC  and  HLB  valu{}s of polyoxy.-

       ethy･lene  alkyl  ethers  (C.,E,,) at the ratio  of

       CnJEn tO STAC,  ],O

The  ir-itiai STAC  conceritration  ivas  l mM.

the  nonierTi{/  stirfacktnt. It should  be Jtoted  here that

the  decreasjTig effect dep()itds on  the degree of

poL).mierizaticm of the poiyoxyethylene  unit;  the longer

Lhe polyox:l.,ethylene cthain, the larger the  deereasing

et'fect, Among  t,he surfactants  the  largest, decrease

xwas observed  vvith  C-L,Ez/t and  the srnallest vvith  (]JzE4.

The  sur'faetant  of  a  long polyox}Jelh},lene chain  with

low hydrophobicity. decreased  greatly Lhe binding of'

STA(]  to human  haiv. The  etTetst  of  polyoxyethylene

c:hain  length suggests  that  the balaTice of  hydro-

phobicity and  hydrophilicity (HI,B) of  the svrfact,ant

is a  deterfiririunt for the dec.'rease of  the  binding of

STAC  Lo hair.

  
'lio

 see  the  contribution  uf  hydrophobinity  of

nonioTiic  stirfactants,  t,he atnounts  or  bc)und SFI'AC,

"･ere  compared  in 1,he presence o[' polyoxyeth},lene

alkyl  ethers  (C.,E.) of  various  a]kyl  chain  lengths Cm)
and  the degree of  poiymerization Cn) of the

polyoxyel/,hyle.nc Linit, Figurc 2 shos･vas the relationship

beL"ng{,'.n the relative  ainount  of  the t)o' und  STAC  and

HLB  values  of the polyoxyethylene alky･1 ethers

caleulated  by the weight  fraction of  hy･drophilic

groups ot' a  surfactant  (Hayano 1964; Kitahara et  al.

1979; Yoshida  et  aL  1987), It is clearly  seen  in the

figtire that the amount  of  bour]d STAC  dec,reases as

the hydrophobicity  dec:reases, Thus  the nonionie

surfacta]it  "'i'th a  loriger polyoxy, ethyLene  c:hain and  a

shorter  a]kvl chain  decreases  the bound  STAC  to hair          tt
MOI'{}.

                             Htiman Hair

1-ut.ttlt.tut./-.di.tt.t-u/laL/l-ttLt././tttlldLJt.t.tLin.t.t./tu-,ttth/±Ltwh
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,,,,''6'-MT"'TT:6',Il'･,',"･"b'･･":,'r,'1,"'6"''','･''･].'S67',1''''':''"'Yg'11T'I,''"

                 Blr,ding energv  (eV)

liiig. 3, X}'S N  lp-core spec/tra  of  STAC･-bound hair

       sarnples  prepared  im the presence  (dotted
       Iille) or in the absence  of  CiL,ELti (solld iine)

      decrease of  the  S'1iAC binding by Oie 

'

          "zas  also  i"dicated bv the XPS                            ttt

         and  perniaTient-"vaved hulrs "ith  or

      Lo hair can  be distinguished frei[L that  of

r

     The nonionic

   surfaetant  spec'tros-

   copy.  ot'

   unaltered  -it,hout

   CtL, fSTAC'

   bound  hair

   keratin at  400.6 eV.  The .figure elearly  shosv  that in

   t,he spectruiTi  of  either  unalt,ered  or peririanent-wtaved

   hair the peak  of  SFrAC bound to the hair surfaee  is

   extremely  decreased for the hair sample  ppepared  in

   the  presence  of CiL,E2n. Becnuse  XPS  gives informa-

   tion  oit  the surface  or a  materin,1  (Robbins and  Blake

   1984; I<oburTshi Gakka,i l996), the resuSt  showE  Lhat

   there is only. a  little STAC  if any  erL  the surfac('t of

   unaltered  or  permanent-wEwed hair wiien the nonion-

   ic surt'act,ant  ls preserlL,
   Biiiding isotherms  and  binding characteristics

     As sho-i  rin Figs. 1 arid  2, the STAC  biru'ling to hair

   is deereased "tiLh  inercasing the. Iength of pc)1),-

   oxyethylene  chain  if the  a]ky,1  (thain  of  the rionionic

   surfacLunts  is the same.  IIence it i$ quite interesLing

   to investigat/e 1,he distinguished elfect  of  CTL,EL,,s on  the

   binding of  STAC  in detnil. Figure 4 shows  the binding

   isothemns  of  STAC  fer three  t,},pes of hairs Cuiialtered,
   bleaehed and  perTTuinent sva,ved-h;ii'rs)  at 40℃ iri Lhe

   presenee  or  in the absence.  of  CiL,E!.,/s, In a]1 cases  the

   bouTid STAC  increased eontinuous]y  Lvith  the  equilib-

   riurri  con(/entration  of bound  ST,ALC tn solution  and

   reaehed  a  (:onstant  value  indicating a  [.arign'Luir-t}pe

   binding. The amount  oi bouTul STAC  -us  larger at 40

   ft[; Lhan at 30℃ for the three  types of hairs. The

   anioullt  of  bound  ST,AC to permanent,--ui,ed hair "us

C2C)1) 9
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symbol)  of  Ct2E23 in phosphate  buffer of  pH
7.0 at 40℃
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Fig. 5

o

Fig. 4.

Lhe largest both  in the absence  and  in the presence  of

the noTiionic  surlactant.  These charaeteristics  of

STAC  binding  iri the presence  of Ci2E2.s are  similar  to
those of  Lhe STAC  bindiTig to hair in the absence  of

polyo)cyethyiene lauryl ether  CSugihara and  Mori-
kaiva 2()()O).

  Langmuir-type  binding can  be described b.y aTi Eq.

{1) "inere  r, n, K  and  C  are  the  amount  of  bonnd
Sr]iAC, the amount  of  binding sites in satLiration, a

biiiding constant  and  the equilibrium  coneentratjon  of

STAC,respectively.

          1/r=(11C)-lf(K-n)+11n (1)
  The values  of n  and  K  are  obtained  from  the  plot of
lfr versus  1/C, Figure 5 shows  the  reciproeal  plots.
The  interc:ept aTid slope  of  the linear plots gave  the
vahies  of' n  and  K  for the binding of  STAC  to 1,he hair
samples,  The biridirig profile is doTrTiTiated inainly  by
the  number  ef binding sites and  the  streTigLh  ot' the

binding. These  are  est,imated  by  n  and  K  in case  of

Lungmuir-typebinding,

  Table 1 lists those values  as "ell  as  thermodviiamic                                      -
parameters  ea]{:ulated  irom the binding eonstants  at

30 and  40℃ for the STAC  binding to unalt,ered  or

permanent.waved  hair in the absenc:e  aTid  in the

presence  of  CiL,EL,3. The  ]arge amount  ot' ST,AC t)ound
to perrnanent-unvcd  hair comes  frorri the increased

  10

numberthe

 previous

2000).
  It isnumbf:r

 of

constant

permaiient--za,ved

creasedtheughwavedhair,

 The bind

vvilell C12E2/3 is present
  Asdynainie

surfactant

(Dec:ker and  Foster

aL  1975:

aud  "ath  insolublo

Nakamarikawaetersisotherms

 or

bindingusuallysolublebinding

(202)

   o lo 2o 3o 4e so 6o

               1!c  (l o3vmote)

  Reciprocal plots for the bindittg isotherms  of

  STAC  to unaltered  hair (O, e), bleaehed  hair

  C.1, S) and  permanent-ivaved  hu,ir (t!s, rix) in

  the presence  C5 im･T, closed  s}.rmbol) or  in the

  absonce  Copen s}uribol) of CiL,EL,3 in phos-

  phate btitTer uf pH  7,O without  or  udth  STAC

  (Ci,,EL,i/STAC=10) aL  4o[c

  of t)inding sites in saturation  as  clarified in

      invest,igation (Sugihara and  MorikaNva

 seen  in Table 1 that Ci,,Ez,i reduced  both  the

   
'
 bi]iding sites  in saturation  and  1,he binding

   in the  bitiding df STAC] to unaltere.d  or

          hair. The nonionie  surfacLant  de-

  tho number  of  binding sites  b.v lf2-114,

 the nuniber  of  binding sites  of perinanent-

 hair is still twic)e as }arge as that of  unaltered

      iiig constant  also  decreased  by 114-111e

             '

to t,he protein-surfactant inLeraction, t,hormo-

  studies  have  been  done on  the biriding of

    with soluble  proteins, mainly  albumiTi

            ]967;  Tipping et  at. 1974; ･Jones et

 , IIirairintsu et  at. 1977; Sukow et  aL  1980),

          protein, keratin COhbu et  aL  1986;

   and  Yamaguchi  1992; Sugihara and  Mo-

 2000). Tn some  studies  therrnodynaiuic  param-

have  been  dravxm by  the  analysis  of  binding

      Tnierocalorimetry.  In the former ana]ysis

  eoTistants  at  tNvo different temperatures  are

  used  for the  calcu]ation.  The. resu]ts  en

 protein-surfactunt interaction show  thaL the

  entha]p.v･  dcpeiids on  the  surt'uc[,ant;  the

NII-Electronic  
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    tntluence ot' Poly"xyethyielle l.am'yl Ether orL the 13inding of Stearyltr'iirTethylami-oniuJu Chlevide Lo Hu[nan ilair

rl]ab]e
 1. Amount  of binding sites  in saturatioll, binding eonstant  and  therniod}rnamic' par'ameters ot' ST,ALC

         biriding to human  hair'rernperaLu]'e

   (℃ )

      n

(1O'i' rnele/g  hair)

    K  -dG  -AH  AS

(]O"llrnolel) /[kJ/i-o]c,,.)  (k,Jlmolel] O{Jlmole)

IJtia]teredhair

Uiialtered hair "tth  CiL.EL,,a

I'ermanent"vaved buir

Periuanent=-uved hair "ath  C'LL,EL,.3

:3040304030403e4e6582

 14

 24106100

 34

 ,lO

.5± 4.7.7

± e. 1.Ol
 O,8.515.9.4+15

 ,1

.6± 7.3.5

± 5.9.1

± 2.7

16.9± 3.1

Z5.9± 3.5

 Z.6± O.3

 1 8t. O.3

 6 9± O.2

13 6± O. ,1

 L6 ± O.6

 3.0± O.3

24.526.519.8l9

 522,324.818.620.8

-36

29

-53

-48

200

161

249

220

binding of  anionic  surt'actant  is exotherTnic  (AH<O)
aitd that  of  caLioTiic/ sLirfactant  is E,.ndother]nic CAH>
O), though  the c/ause  of  the  variance  has not  been

c:larified.  D･'Ioreover, the  value  of  AH  varies  Largeiy

ac,cording  to the number  of  surfactant  meleeLiles

bound  to protejn molocule.  In spite ef  the  variation  of

AH,  the conl,ribution  uf entropy  to the free energy  ol'

the biiiding is larger thaTi enthalpy,  indieatir'Lg that the

birLding of surfactant  is doniiiiant oi' a h}rdrophobic

nature  CAuki et at. 1984).

  In the case  oi' the binding of  surfact,tint to insoluble

protein  (hair karatin), the binding or anionic  surl'ac'.-

kmt  is endothermic,  iviiile AH  of  Lhe binding of

cationic  surfacLaTit  is positive (Sugihara and  Mo-

rika"-  2000) or  near]y  zero  (Ohbu et  ai. 1986). In t,he

blnding ofsurfaetant  to hair the entropy  faetor is also

cloTninant  for the  binding.

  As  mentiono(i  above  a large eTitropy  change  has

been reported  in the biHding of ionic surfac/tants  to

proteins, "inich  is associated  with  the hydrophobic

interacLioTis CTanford 1979). This is true in t,he

bindiTig ol' STAC  Lo hair' sho"･ing  that the hydrophobic

int,erac/tions are  dominant (Sugjhara and  Morika"･a

2000)  and  atso  in the bincliTig or  STAC  in Lhe

prcisence of CiL,E23 in Lhe present investigaLion.

  In this ii-,estigation iL is sho"m  that  CJL,EL,/i

decreased  AS and  irL{'/rctased 
-AH,

 This iii{licates

that  CmE/ ±/t made  enLropy  ehange  CAS) unfavorable

but, enthalpy  change  (-AH) favorab]e ror the

binding of  STi-LC to humaii  hair, suggesting  Lhat the

iionionic  surfactarit  brought  less hydruphobic in-

teractions in spite  of  the increased ele(}1,rostatic

iTiterac:tions in the  binding ot' STAU  to halr.

  The  decrease  of n  and  K  in the presence  of  CTL)E2n

suggests  that CLL,E2/i not  only  compete.s  for the

binding site  "fith  STAC  but also  infiuEnices tLLe

F]iable
 2. AJnount  oi po[yexyethylene  lauryl ether

         bound  to perinanenL-"Javed hairi'

                      Cl,,t]L,.s Cl,,E4

                  
(.
 
1(r"mole/g

 
halr)

 .. 
(1O'rn-]o/g 

r-tiiir)
 .

   
-tll'iLhc;ut

 sTAc  2.i i:!.o

    
"ilthSTACb  O.2 . 

IL.8 ..

     
''in

 phosphate  buffer ot' pH 7.0/ init/ial CT2E. c:oncentra-

     tion, 10 niM.  
b[STAC],'[C]2E.1

 =  1.

   inte.rac:tion of STAC  svit,h tLair,

   kiteraction  of  suriractaiits  in the aqueous  medium

     In order  t.o elarifv  the  mechariisni  or the decreasiTig

   effeel  of pol.v･ox}Tethylerie lauryl ethers,  Ciu.,E4 and

   CL2EL,3, urere  coinpared,  since  the  latter decreased the

   bindiTig or STAC  the ]-ost  whi[e  the former  the LeasL

   FIirsL aTi experitncnt  "es  earried  out  t,o deterinine if

   the binding of polyoxy. ethylene  }auryl ether  tu hurnan

   hair is influo.nced by STAC,  Table 2 ]ists thc  amounLs

   of bound  CiL,EL,3 or  Ci2E4 to huinan  hair in t,he

   presenee  of  STAC.  I"ron] the tab}e it is apparent,  that

   in the prese-ee  oi' the  cat;ionic surfactant,, ttie binding

   of CiL}I']2s was  deereased  by  11[O "iniie  the binding of

   C,izE4 ivas hard]y atTecl,ed. This ls well  related  to the

   decrease  of STAC  binding to hair by po]yuxyethylene

   laurlr'1 ethers;  the deereasing  effeet  of  CTL,EL,: is mtieh

   larger Lhan  that  of Ci,,E,i. These results  suggest  that

   STAC  compeLes  f'or the  binding site on  huTnan  hair

   with CiL,E2,t bLLt not  "ith  (.]it,E4, aridlor  STAC  interact,s

   strongly  with C･T2.E,,s bul, less strongly･ "dth  Ci2F]4, in the

   aqueous  phase. Thus  the binding of CiL,EL,,t and  STAC

   to human  hair will be reduced.

     [L'hc conipetiti.on  ef' STAC  and  CiL,E:,] for the biTidiTig

   site  is likely because  tho -uT-ber  of  the  binding sites

   in saturaLioTi  Cn) of  STAC  "u,s  deerc}ased in the

   presence  of  Ci2,EL,n as seen  in Table 1.
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Table 3.

       1500 1000

                 Wavc  numbeT  (cm'i)
FT-IR  spectra  of C]xE!,:i and  C･i2E4 in phosphate  buffer ef  pH  7,O (1,OOO scans)

Effect of  STAC  on  FT-IR absorption  of  Ci2b]23 and  CiL,E4 in phosphate  butTer
pH  7.0

of

          C]L,E2:,

wiL'tlout sTAc

   (Cm-L)

C],,E4

Absorption With  STAca

  {CIII ])

without sTX'l'I;

   {Cm'1)

CH･, sctiss

CH,, t-isL

C.O  stl･c)tch

CH･, roek  C-(]  ./

L4571,2951,085

 948

1l1

                       stretch

            a[Ci2E.]1[STAei  =:'1/IO.  

-'
 

'''-

  
rFo

 verify  the  strong  interaction of STAC  and  CiL,E23

in the  aquooLis  medium,  an  FT-IR study  of  the

surfactants  was  done. Figure 6 shows  the FT-IR

speet,ra  of Ct2E2.i and  CiL,E,i in the  absence  or  the

presence  of STAC  in t,he aqueous  medium  and  the

data are  summarized  in Table  3. 
rl]he

 assignment  of

the  absorption  oi  the polyoxyethylerio unit  -es  done

according  to the literature CVasanthan et  al. 1996;

Binder  und  Klose 1998). The absorpLion  at  1,085 cm-L

due to C-O stretching  mode  of  CiL,E2/s shift,ed  to 1,093

cm  
'
 "ittcn  S'[iAC' is present while litt[e shift  "vas

observed  in the absorpt,ion  of Cd2E4 mrfth the addition

of  STAC. The  absorption  of Ci2,E23 at I,457 cm"  due

to CH: scissoring  mode  alld  at  1,295 em'i  due  to CI'I2

twisting inode  also  shifted  to 1,467 cm  
',

 1,300 cm'],

respectively  ivith the additiorL  of  S[['AC. On  t,he other

htmd, liLtle shift was  observed  in these absorption

bands of  Ci2E4 with  the  addition  of  STAC. A  rairly

large shift in t,tio absorption  bands of C-O and  CH2 of

ttLe pulyoxyethylene  unit  of Ci2E2s with STAC

irLdicates that STAC  interac:ts sLrongly  with Cn,Ezi,
probab[y  throLtgh  the  interaction betweeM  caLionic

nitrogeiT  of  STAC:  and  electronegat,ive  oxygen  atoms

  12 (204)

 467,30(),093

 953

1,466L3511,115

WiLh STAC  
Ei

  (el.'i")1,4671,351Ll13

of  C, E2ELis, "･tiile minimal  shlrt iiT the FT-IR spectruin  of

C)i2E4 with STAC  indieates that STAC  hardly interacts
with  C12E,,

  Thus  the FT-IR study  suggested  that the i"Leraction

bet-pen STAC  and  C:2EL,3 is stronger  than  thaL

bet"een  STAC  and  Ci2E4 in Lhe  aqueous  phase, The
interaction Triight  be the  cause  of thc decreasing

effect,  retaining  a  Iarger arnount  of free STAC  in Lhe

aqueous  phase.

  Therrnodynairvically the strong  interaction oi' STAC
svith  Ct2EL,3 in the aqueous  nLedium  could  contribute

to ]c)sver the potential eiiergy  of  the original  staLe  in

the  reaction  coerdi"ate  iviiere  no  STAC  moleeules  are

bound  to hair, As  shown  be]ow, STAC  interaets Nvith

CiL,EL,,3 on  the hair suriace  as "ei], which  also  lowers

the  potentia] e"ergy  of the bound state. The  free

energy.  change  of the binding reaetion  is the

dii'ference of potential energies  of the original  state

and  the  bound  state. Though  CiL,EL,: cuuld  loiver the

potential eitergies  of both states, if the fal] of  the

poLent,ial energy  of the original  state ivith  the addition

ot' the  iio]iienic  surfactant  is larger than  I,hat, of  the

bound state, the  sLrong  interaction irL the aqueous
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mediuTu  then  might,  have  brought  about  the decrease

of 1,he free energ,},  change  C--AG') of  the. binding oi'

STAC  to hair', resultiiig  in the decrease of  the  binding

ce-stant  (K]).
interaction of  surfactants  on  hair surfaee

  FT-IR CPLTR) of  ST.eLC-bound hair -us  Lnvestigated

to see  if there is an  inLeraction betsvc),en the

surractants  oll tha, hair surl'ac'e,  The experiment  "ras

done on  the per'inanent-gnve.d hair-C.,E. s)'s.tem

because  the ameunt  of  bouTid STAC  Lo permanent-

uvaved  hair was  the largest among  the t,hree types of

hair samples,  unaltered,  bleached, and  permaiieJir.

vsnved  hairs, wliich  couid  rnake  it, easy  to detect a

small  shil't of  iVIi-IR absurption  of eac:h  componenL  uf

the hair-C.,E. system.  A str'onger  interael,ion betweuTi

CiL,EL,s and  STAC  was  also  del,ected on  the hajr

surface.  The  spectra  are  shown  in Figs, 7 and  8. Th(.t

shif't of  the  absorpl,ion  bands  oi' po]yoxyethylene Lauryl

ether  with STi'tC on  the  hair surface  "･ns  not  as  large

as i,hat in the  aqueous  phase  as  se.e.n in Figs. 6-8. But

a  distinctive shift svas  observad  for the  C-O st,retching

band  of  the  nonioMie  surfactant.  The absorption  at

c-o,

A

Fig

   --x
 " vYV./  YV C12E!3

  Al

  Alv 
"vYV Xvuy  Ha,r

     
A Av..vAtli

'

lt.tv,v Hair･ci2E23

   "tvAy"r'V.n?.1'Ax....v....n Ha;r-CnE23･STAC

r
' -T -t'- 't'f ''-7

          ISVO 10oo

             Wave  number  (cm'i)

. 7. FT-IR  spectra  of C'iL,E:] Cneat), permanent-"H,ved  hair,

    permanent-ivaved  hair with  Civ,Ii]2a, and  perJrianent-svaved

    hair with CT2E±3 and  STAC  C2,OOO scans)

c-o,

   me'-' C12E4

   fi t-

Al  
if

 vvNv/fX"N-  
n-/

 Hair

              ISOO 1000
                              .1
                 Wave  nurnbeT  (cm                               )
Fig. 8. FT-IR  spectra  of  Ci2E{ CneaL), permanent-ueved  hair, permaneiit-

      vsvaved  hair with  Ci2E4, and  permanent-waved  hair "ith  CmE4 and

      STAC  (2,OOO scans)

                           (205)

                          /Nv
   ."Am.7.w.fix-.fwxJ  Xv,------

        yA

l9 yZAi` IC"x3;"K----w
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 1,115 em  
'

 of  neat  CiL,E23 due to C-O  stretc:hjng  mode

shifted  to 1,109 cm  
i

 for the Ci2EL,3-STAC-bound hair
-tiile  the C-O absorption  of  Ci2EL,rbound  hair

appeared  at 1,115 cm  
i
 (Fig. 7). On  the other  hand

the  absorption  of CiL,E,i exhibited  no  shift upon

biTiding to hair with  or  L{dthout  STAC.  The C-O
stretehing  bands of  the polyoxyethylene  unit  of neat

Ci2E4, CizE4-boulld hair and  C'mE4-STAC-bound hajr
al} appeared  at  1,119 crTT 

i

 CFig. 8). Thus the stronger

interac}tion of  STAC  wtth Ci:Exi than with  CT2E4 "es

also indicat,od on  the hair surface.

  The  stronger  int,eraction of  STAC  wit,h CTz,E:,,i on

the hair surface  -vas also  suggested  by, XPS. The N
lp-cora peak of  STAC  appeai'ed  at 4U2,7 eV  when  it

-ns  free, and  at  40[l.1 eV  "4ien  bouTid to hair, It

appeared  at  403,4 eV  for the STAC-bouncj hair

prepared  vvith  C;iL,Ez3. 0n the other  ha"d, the  peak  of

STAC  at  403.1 eV  remaine.d  unchangcd  t'er Lhe

STAC-bound  hair prepared  with Ci2E4.

  
r]]he

 sLronger  intera,ction of  STAC  wit.h CiL,E2J On

the hair surface  coiild  explaiii  Lhe  features seen  in the

Langmuir-type binding of  STAC･ to hair. As indical,ed
in Table 1, the niimbc:r  ol' binding sites in saLuration

is greatly docreased  in the presence  of  Ct2EL,/].
Because of  the interaction between STAC  and  CiL,E2/s

the binding ol' STAC  to hair ceuld  accompany  the

binding of  Ci2,E,,,i to Ehair as  "ell, which  iuight  mean

the  binding of STAC-CizE2/s eoiTip]ex  to hair. For t,he

bi]iding site of iortic surfactants  a  ho]e on  the  hair

surface  to be occupied  by  eaeh  surfactant  is proposed

(Ohbu et  al. 1986). If the proposed  mechanisrn  of the

siirl'actauL binding is applicable  to the binding in this
investigation, the number  or the binding sites -vuid

then be  decreased  because the comp]ex  "Duld  be  too

large t'or the site.

  The  iTifluence of CiL,EL,/s on  the  Lhermodynamie

parameters  in Table 1 can  also  be  interpret,ed by the
interactioTi between STAC  and  CmEL,,j. The  nonionic

surfactant  redt]eed  Lhe free energy  ehange,  and

honce the binding constant.  Beth  the enthalpn  change

and  the entropy, ehange  contributc  t,o the free energy･
c.'hange. The nonionie  surfaetant  affected  tha two

thermodynamic  pai'ameters  iTi the opposite  dii'ecLion.
The entha]py  change  boc:ame favorable ror the  STAC
binding in the presonce  of  CiL,Ez3. This might  be
beeatise C]L,Ez,3 faeilitates the binding of STAC  to hair
on  the hair suri'ace  tltrough the  elect,rostatic  in-
teracmons  with  electronegativo  oxy,gen  atems  of the

po}.voxyet,hyle.ne unit  of Ci:tE:,/j, The  interaction of

Ci:,E4 wnuld  be  weaker  as the degree  of  polymeriza-

Lion oi  the polyoxyet,hy. Iene unit  is smaller.  However.
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the favorable electrostatie  interaction was  over-

whelmed  by  the large entropy  change  unfavorable  for

the STAC  binding, wiiich might  accompany  a  large

conformational  ehange  ot' the surfactant  molecules  on

the binding to the  hajr surface.  Thus the overall  effe{]t

of  Ci2Et3 was  disadvantageous for the interaetion.

  Finally, it should  be noted  that, the inner structure

of  hair remains  to be  clarified,  The  change  of  the

structure  with  the addition  of  the  nonionic  surt'actant

c}ou[d be related  to the  influenc/e of Lhe surfactant  on

the binding of  STAC  to huiTian hair, and  henee  the

change  of  thormodynamic  paranieters.

                 CONCLUSION

  The  binding of  a  cationic  surt'actant,  STAC, to
human  ha,ir was  investigaLed in the presence  of

nonionic  surfaetants,  polyoxyethylene lauryl ethors.

The  iionionic  surraetants  decreased  the  STAC  bind-
ing b.v･ dec/reasing both  the nuinber  of binding sites in

saturation  and  the  binding constnnL  
'[ihe

 effect Lvas

larger iviLh  a  nenioTiie  suriactant  ot' a  longer

polyo)qy'ethyielle chain.  It wus  suggested  thal, the
decrease  "ns  brotight about  by  the  interaction or

STAC  with the nonionic  surfaetant  in the  aqueous

phase  and  on  the hair surface.
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　 毛髪 へ の塩化 ス テ ア リル ト リメ チ ル ア ン モ ニ ウ ム の

結合に対す るポ リオ キ シ エ チ レ ン ラ ウ リル エ ーテ ル の 影響
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　陽 イオ ン 界面活性 剤，塩化 ス テ ア リ ル トリ メ チ ル ア ン モ ニ ウ ム の 毛髪 へ の 吸着結合に対す る

非 イ オ ン 界而插性剤 ，ポ リ オ キ シ エ チ レ ン ラ ウ リ ル J，・一テ ル の 影響を研 究 した ．非 イオ ン 界面

活性剤 は，陽 イ オ ン 界面活性剤 の 結 合 を 阻害 し，そ の 効 果 は，ポ リ オ キ シ エ チ レ ン 鎖の 長い ，

親水性 の 非 fオ ン 界面活性剤で 顕著で あ っ た．また，非 イオ ン 界面活性剤 の 毛髪 へ の 結合も，

陽 イオ ン 界1自亅活性剤 に よ っ て 阻害さ れ た．非 イオ ン 界而活性剤 は，陽 イオ ン 界面活性剤の 結合

サ イ トと結会定数 の 両 方を減少 させ た ．熱力学研究 と FT −IR，　 XPS に よる分析 か ら，こ の 阻告：

効果 は ，水中や 毛髪表面上 に お け る非 イ オ ン 界面活性剤と陽 イ オ ン 界而活性剤との 相互作用 に

よ る もの で あ る こ とが示唆 された．

キ
ー

ワ
ー

ド ：毛髪，塩北ス テ ア リ ル トリ メ チ ル ア ン モ ニ ウ ム ，ポ リオ キ シ エ チ レ ン ラ ウ リル エ

ー
テ ル ，結合等温線 ，FT −［R，相彑作用．
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